We perform edge detection on the EGM96 global geodetic gravity field. The technique is in accord with our wavelet based multiscale edge analysis, which is valid for a flatearth approximation. For the spherical earth, it is not clear that the technique yields a formal wavelet transform. However, spherical results appear as interpretable as the flat-earth results at short scales. In Australia, we find general agreement with the flat-earth results, and note a correlation between results from seismic tomography and our present work.
Introduction
In a number of previous papers, we have described the theory and applications of a wavelet based multiscale edge analysis under a flat-earth approximation. Such edges, which we colloquially call "worms", form a skeletonization of the gravity field that simultaneously has appealing theoretical properties (e.g. Hornby, et al., 1999) and useful practical interpretations (e.g. Archibald et al., 1998) . In this paper, we apply a similar technique to the EGM96 field (Lemoine, et al. 1997 ) which represents the geodetic community's best model to its date of publication of the Earth's gravitational field complete to spherical harmonic degree-and-order 360.
Theory
Let T be the scalar potential for an anomalous gravity field. Using the subscripted comma convention to denote differentiation, in a flat earth approximation dz / T T z , ∂ ≡ might represent (e.g.) the Bouguer anomaly or the free-air anomaly, depending upon which corrections have been applied to the gravity measurements. We define multiscale edges as the positions and (scaled) magnitudes of local maxima in the modulus of the horizontal gradient of z , T (i.e. A proper definition of "horizontal derivative" on the surface of a differentiable manifold uses the partial derivatives with respect to an orthonormal frame in the tangent space to the manifold. Since there are infinitely many orthonormal frames for the same tangent space, we must be careful to ensure that any quantity we use to measure field variation is invariant to this freedom in choice of frames.
Visually, the resulting skeletonization of the r , T field appears to be as interpretable as the skeletonization of its flat-earth cousin z , T . However, it must be kept firmly in mind that the mathematical foundation upon which the spherical case rests at present is significantly shakier than that of the flat-earth wavelet. Any inferences from the spherical worms  such as the Lipschitz exponent and class of source singularity, or the graphical inversion techniques reported elsewhere in this volume (see Boschetti et al., 2000)  must be drawn with significant caution.
A skeletonization based upon the wavelets of Freeden (1998) is possible, however there is the problem that his technique generates multiple edges.
Method
We used the GRAVSOFT code (Tscherning, et al.; 1992) to evaluate various potential derivatives
T from the EGM96 coefficients. We deliberately did not perform any post-processing on the EGM96 field (e.g. Bouger corrections; topographic/bathymetric corrections) so that a precise description of the field could be found in the extensive literature on those data (NASA, 1998). We evaluated 30′ ellipsoidal grids, the finest ones supported by degree-and-order 360 spherical harmonics. We evaluated the grids at all longitudes, and from °-80 to °+80 latitude  because the Polar Regions present undesirable distortions in grid point spacing on the sphere. We evaluated on a logarithmic suite of heights. We began at a height of 60.0 km above the GRS80 reference ellipsoid (Moritz, 1984) and increased heights by a multiple of 1.15 for a total of 32 levels. This resulted in a highest grid of z = 4,568.6 km above the reference ellipsoid. At each point on the resulting suite of grids, we evaluated zx , T and zy , T .
The tensor components zx , T and zy , T are represented using a local Cartesian coordinate system. In this system z is a local unit vector normal to the ellipsoid pointing "up", y is a horizontal unit vector pointing North, and x is a unit vector orthogonal to y and z pointing East. We formed the modulus 2 zy , 2 zx , T T M + ≡ and picked maxima in M local to the grid at each level using the algorithm described in Hornby et al. (1999) . Note that these choices yield both a local orthonormal frame for the tangent space and a frameinvariant measure of field variation, in accord with the discussion in the previous section. Pointwise, such maxima are our spherical equivalent to the flat-earth multiscale edge (worm) points. We color the resulting worm point in a rainbow spectrum proportional to km z 60 / M , but clip the color to pure red at values above 10% of the total dynamic range. Edges are dense at the lowest levels where most pixels are selected as edge points. This result is physically reasonable because the Earth contains density variations at a finer scale than 30 minutes of arc. We suggest our technique as a viable way of visualizing the spatial distribution of Nyquist power when the geodetic community creates global models such as EGM96. In terms of global tectonics, at levels below, say, about 200 km, worms correlated with subduction zones are the most prominent features. The West coast of South America has the strongest gradient found. Continental slopes are also prominent in the lower levels, probably due to their high relative density contrast. The signature of the HawaiiEmperor seamount chain is significantly more prominent than any other feature that has been described as a hotspot track.
Results and Discussion
On a regional scale, we have previously analyzed (flatearth approximation) continental scale worms for Australia. The present set of multiscale edges is in general agreement with our previous work. This is true despite the fact that the gravity grid underlying our earlier efforts had much better resolution than the 30′ of EGM96. Interestingly, the NW to SE trending edge found near the middle of the continent from about 500 km height and up, seems to correlate with a transition from high to low S wave velocities found in the seismic tomography reported by van der Hilst et al. (1998; which we have reproduced as Figure 5 ). We hope to report on other correlations with global tomography in the near future. 
Conclusions
Spherical multiscale edges, while understood not to be as soundly founded in wavelet theory, appear to be representing the same information as their flat-earth cousins. They certainly present a viable skeletonization of the EGM96 gravity field. Tectonic features are easily recognizable, and there is a correlation with a feature found in seismic tomography for a region we are familiar with. Regional experts should analyze other regions.
